Epidemiological studies have suggested that dietary fiber intake may be associated with a decreased risk of stroke, but the findings have been inconsistent. We aimed to assess this association by conducting a meta-analysis of prospective cohort studies. SUBJECTS/METHODS: We performed a literature search on PubMed database through July 2012 to indentify prospective studies of dietary fiber intake in relation to risk of stroke. We also comprehensively reviewed the reference lists of the retrieved articles to identify additional studies. We used a random-effects model to compute the summary risk estimates. RESULTS: Six prospective cohort studies containing a total of 314 864 subjects and 8920 stroke cases were included. The summary relative risk (RR) of stroke for the highest vs lowest category of dietary fiber intake was 0.87 (95% confidence interval (CI), 0.77-0.99). The corresponding RR in the subgroup analyses for men and women was 0.95 (95% CI, 0.83-1.08) and 0.80 (95% CI, 0.66-0.96), respectively; and for ischemic stroke and hemorrhagic stroke was 0.83(95% CI, 0.72-0.96) and 0.86 (95% CI, 0.70-1.06), respectively. Meta-regression indicated no significant difference between gender (P-interaction ¼ 0.18), or stroke subtypes (P-interaction ¼ 0.85). The dose-response analysis suggested a 12% (RR ¼ 0.88; 95% CI, 0.79-0.97) reduction in risk of stroke for each 10 g per day increment in dietary fiber intake. Moderate heterogeneity emerged in some of analyses, but disappeared after removing one study substantially contributing to the heterogeneity. Little evidence of publication bias was detected. CONCLUSION: Findings of this meta-analysis indicate a significant inverse dose-response relationship between dietary fiber intake and risk of stroke.
INTRODUCTION
In most developed countries, stroke remains an important cause of mortality and the most common cause of disability, and is becoming a great health burden in future decades. 1 For instance, in the United States, the direct and indirect cost of stroke for 2010 is $73.7 billion, 2 whereas, across the European countries, the total annual cost of stroke was estimated to be h27 billion. 3 Dietary fiber has been reported to reduce incidence of hypertension, 4 the strongest risk factor for stroke. Evidence from epidemiological studies has also suggested a potentially beneficial effect of dietary fiber intake on stroke, but the findings have been inconsistent. [5] [6] [7] [8] [9] [10] Hence, to systematically and quantitatively assess the association of dietary fiber intake with stroke risk is of both scientific and public health significance. In addition, a recent large cohort study has found that the effect of dietary fiber against stroke was modified by sex. Given men and women have different lifestyles and physiological characteristics, investigating the sex differences in the fiber-stroke association is also of great interest. We therefore undertook a meta-analysis of prospective studies to summarize the existing evidence on the association between dietary fiber intake and stroke risk, and to further address these important questions.
MATERIALS AND METHODS

Literature search
We performed a literature search through July 2012 on PubMed database (www.ncbi. nlm.nih. gov/pubmed) using the search terms including: 'fiber', 'fibre', 'stroke', 'cerebrovascular disorders', 'cohort study', 'prospective study', 'follow-up study'. No language restrictions were imposed. In addition, the reference lists of the retrieved articles were also comprehensively reviewed to identify additional studies.
Study selection
Studies were included if they met the following criteria: had a prospective design; the exposure of interest was intake of total dietary fiber; the outcome of interest was stroke (total or subtypes); and the relative risk (RR) with corresponding 95% confidence interval (CI) were provided or could be calculated using the raw data presented in the studies. The titles and abstracts of relevant studies were firstly reviewed, and then full papers of potentially eligible studies were obtained. Prior findings have demonstrated that specific fiber types have different impacts on coronary heart disease, given the coronary heart disease and stroke share risk factors, we excluded studies on individual dietary fiber only (for example, cereal, fruit or vegetable fiber) for better comparability between studies.
Data extraction and quality assessment
The following data were extracted from each included eligible study: the first author's last name, publication year, study name, study location, length of follow-up, the sex of participants, the age of participants, number of cases and participants, the range of exposure, variables adjusted for in the analysis, and the relative risks or hazard ratios of stroke and corresponding 95% CIs for each category of dietary fiber intake. The study quality was evaluated using the 9-star Newcastle-Ottawa Scale. 11 A quality score was calculated on the basis of three major components of included studies: selection of the study groups (0-4stars), adjustment for known confounding factors (0-2stars) and ascertainment of the outcome of interest (0-3stars). A higher score represents better methodological quality. Literature search, study selection, data extraction and quality assessment were conducted independently by two authors (G-CC and Q-FL), with any disagreements resolved by consensus.
Statistical analysis
We used a random-effects model, which considers both within-and between-study variation to calculate the summary risk estimate. 12 For one 8 study that reported results for stroke subtypes only, we combined the RRs with inverse variance weight 13 and then included the pooled RR in the meta-analysis. Males and females were treated as two independent cohort samples in the studies 6, 7, 10 that presented results for men and women separately, but not combined. We extracted the maximally adjusted RR with corresponding 95% CI for the highest versus lowest category of dietary fiber intake for use in the primary analyses. We conducted subgroup analyses by gender and by stroke subtypes. We also attempted to conduct subgroup analyses by geographic areas, and by durations of follow-up, but the number of included studies was too limited to perform these analyses.
For the dose-response analysis, we used the method proposed by Greenland and Longnecker 14 and Orsini et al. 15 to estimate study-specific slopes from the natural logarithm of the RR across categories of exposure. This method requires that the number of cases and person-years and the risk estimates with their variance estimates for at least three quantitative exposure categories are known. For two 8, 9 studies that did not provide the number of cases and person-years in each exposure category, we used the variance-weighted least square regression model to estimate the slopes. For each study, the median or mean level of dietary fiber intake for each category was assigned to each corresponding RR estimate. When the median or mean intake per category was not provided, we assigned the midpoint of the upper and lower boundaries in each category as average intake. If the highest or lowest category was open ended, we assumed the width of the interval to be the same as in the closest category.
Heterogeneity test was performed by use of Q and I 2 statistics. 16 For the Q statistic, a P-value of o1 was considered representative of statistically significant heterogeneity. Potential publication bias was investigated by use of Begg's funnel plots and Egger's regression asymmetry test. 17 All statistical analyses were done using STATA software, version 11.0 (STATA corp., College Station, TX, USA). All P-values are two-sided and o0.05 was the level of significance unless where explicitly stated.
RESULTS
Study characteristics
A flow chart showing the process of study selection is shown in Figure 1 . Briefly, eight potentially eligible papers were identified for full-text review. One 18 was excluded because the end points in this study combined cardiac and cerebrovascular events. Another 19 was excluded because it was on individual dietary fiber intake only (cereal fiber). At last, six independent prospective studies were included in the meta-analysis. These studies included a total of 314 864 subjects and 8920 stroke events, and they were published between 1998 and 2012 (Table 1) . Of the six studies, two were conducted in the United States, two were carried out in Japan, one in Finland and one in Sweden. Three studies included both men and women, two studies included men only, and one consisted entirely of women. The mean follow-up duration ranged from 8 to 18 years. All studies provided risk estimates adjusting for age, smoking and consumption of alcohol, and most studies additionally adjusted for body mass index, physical activity, history of hypertension and diabetes, and total energy intake ( Table 1) .
Dietary fiber and stroke Figure 2 shows the multivariable-adjusted RRs for individual studies and all studies combined for the highest vs lowest category of dietary fiber intake. Overall, the pooled analysis of six studies showed that individuals in the highest category of dietary fiber intake had a significant decreased risk of stroke, compared with those in the lowest category. The summary RR was 0.87 (95% CI, 0.77 to 0.99), with moderate heterogeneity observed (P ¼ 0.13,
We repeated the analysis by excluding the Alpha-Tocopherol, Beta-Carotene (ATBC) Cancer Prevention study, 8 in which all participants were male smokers who participated in a prevention trial looking at whether supplementation with alpha-tocopherol, beta-carotene or with both would reduce the incidence of lung or other cancers. After that, the summary RR was 0.84 (95% CI, 0.74-0.96), with low study heterogeneity (P ¼ 0.22, I
2 ¼ 26.5%). Stratifying analysis by sex, the pooled RR of four studies (173 286 women, 2912 events) for women was 0.80 (95% CI, 0.66-0.96) (Figure 2 ). There were five studies including 141 598 men and 6008 stroke events investigating the relationship between dietary fiber intake and stroke risk among men. A pooled analysis of these studies yielded an RR of 0.95 (95% CI, 0.83-1.08) (Figure 2 ), and this null association was consistent after removing the ATBC Cancer Prevention study (RR ¼ 0.90; 95% CI, 0.74-1.10). Meta-regression suggested no significant difference between gender (P-interaction ¼ 0.18). Little evidence of heterogeneity was observed in these analyses.
Three studies also reported results for stroke subtypes and one 10 study provided results for ischemic stroke only. For these studies, the summary RRs for extreme category of dietary fiber intakes for ischemic stroke and hemorrhagic stroke were 0.83 (95% CI, 0.72-0.96) and 0.86 (95% CI, 0.70-1.06), respectively. We found no interaction between stroke subtypes and dietary fiber (P-interaction ¼ 0.85). The dose-response analysis of the primary studies showed that the risk of stroke decreased significantly by 12% for each 10g per day increment in dietary fiber intake (RR ¼ 0.88; 95% CI, 0.79-0.97), with some evidence of heterogeneity (P ¼ 0.05; I 2 ¼ 47.6%). After omitting the ATBC Cancer Prevention study, the summary RR was 0.84 (95% CI, 0.76-0.94), and there was low study heterogeneity (P ¼ 0.23; I 2 ¼ 25.4%). Begg's funnel plots of all included studies did not show the presence of asymmetry. This was corroborated by P-value for Egger et al.
17 regression asymmetry test (P ¼ 0.30).
DISCUSSION
Findings from this meta-analysis of prospective studies including 48900 stroke cases suggest that total dietary fiber intake is statistically inversely associated with risk of stroke. The estimated reduction in risk is 12% for each 10 g per day increment of total dietary fiber intake. The beneficial effect of dietary fiber against stroke was more pronounced for ischemic stroke and for women, but the analyses of stroke subtypes were based on small number of studies. Age, method version, total energy intake, season, BMI, smoking, education, alcohol, systolic blood pressure, antihypertensive and antihyperlipidemic treatment, physical activity, and dietary fiber.
Abbreviations: BMI, body mass index; CI, confidence interval; MI, myocardial infarction; RR, relative risk; SFA, saturated fatty acids; y, years.
a Study quality was measured using Newcastle-Ottawa Scale (1-9 stars). Figure 2 . Random-effects meta-analysis of prospective cohort studies that examined dietary fiber intake and stroke risk.
There are several biologically plausible mechanisms for beneficial effects of dietary fiber intake on stroke risk. Evidence from randomized placebo-control trials has suggested that dietary and supplementary fiber intakes help to lower both systolic and diastolic blood pressure; 20 dietary fiber has also been reported to reduce the incidence of hypertension, 4 the strongest risk factor for stroke. 21 Hence, dietary fiber may reduce stroke risk through its pressure-lowering effect. In addition, dietary fiber intake has also been shown to improve fibrinolytic activity, 22 blood lipid profile 23 and insulin sensitivity, 24 as well as to inhibit a postprandial rise of glucose and triglycerides, 25 all of which may prevent or delay the development of atherosclerosis.
In this study, the protective effect of dietary fiber intake was apparently stronger in women than in men, although there was no significant difference between gender. Men compared with women tended to be more likely to be smokers, consume more calories, alcohol and caffeine, 7, 18 which may diminish the benefit of dietary fiber. However, most included studies have adjusted for many unhealthy lifestyles and dietary habits. Hence, a more possible explanation may be the difference in dietary fiber sources between men and women. For example, in the Malmo Diet and Cancer cohort study, women obtained 23.5% of their fiber from fruit and berries, whereas the corresponding figure in men was 15.7. A previous meta-analysis using the original data from 10 prospective studies reported that intakes of cereal and fruit fiber other than of vegetable fiber were inversely associated with risk of coronary heart disease. 26 Given the coronary heart disease and stroke share risk factors, it is possible that the relationship between intake of dietary fiber and stroke differs by sources of fiber intakes. Two 5, 9 of the included studies have distinguished individual fiber. The Health Profession Follow-up Study 5 did not detect any difference among specific fiber types, whereas in the Nurse's Health Study, only intake of cereal fiber was found to be protective. 9 Another study 19 that was excluded from this meta-analysis also suggested that higher cereal fiber intake was associated with significant lower risk of total stroke (RR ¼ 0.78, 95% CI, 0.64-0.95) and ischemic stroke (RR ¼ 0.76, 95% CI, 0.60-0.95), but the study did not presented figure on other types of dietary fiber.
Our study has strengths. All included studies in this metaanalysis were of a prospective design. This eliminates the possibility of recall and selection biases. Furthermore, most studies had a long duration of follow-up and a large number of stroke cases, which enhances the statistical power of our study to assess the long-term effects of dietary fiber intake on stroke risk.
This meta-analysis also has several limitations. First, because the quantitative analyses were based on observational studies, our study is not able to solve the problems with confounding factors that are universal in the primary studies. We cannot fully exclude the possibility that some potential confounders are responsible for the observed findings, whereas most of the included studies have adjusted for major potential confounders including age, total energy intake, smoking, alcohol consumption, history of hypertension and diabetes, and body mass index, and omission of one 8 study, which was likely to bias the association of dietary fiber intake with risk of stroke strengthened the summary risk estimate. A second limitation is that all but one 9 study assessed dietary fiber intake at baseline only. This may have introduced some misclassification of exposure, resulting in an underestimation of the risk estimate. Third, the characteristics of subjects were not always comparable, and the reference category varied among individual studies, which may partly explain the presence of heterogeneity in some of the analyses. However, after excluding one study in which all participants were male smokers, little evidence of heterogeneity was observed. Fourth, subgroup analyses to test the possible impact of geographic areas and different sources of fiber intakes on these associations were not conducted due to the limited numbers of studies. Finally, publication bias could also be of a concern. Although we detected little indication of such bias in this meta-analysis, it is noteworthy that these tests were based on a relatively small number of studies.
In summary, our findings indicate a significant inverse doseresponse relationship between intake of dietary fiber and stroke risk. Subsequent studies should also attempt to further elucidate whether this association varies according to different sources of dietary fiber intakes.
